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INTRODUCTION 


The  Navy  has  a  need  for  new  energetic  materials  which  have  higher 
performance  than  those  currently  available  for  use  as  Ingredients  in  new 
explosive  and  propellent  formulations  which  could,  for  example,  increase 
the  kill  radius  of  a  missile  warhead  and  increase  the  speed  and/or  range 
of  a  missile.  We  have  been  involved  for  several  years  in  a  program  that 
has  as  a  long  range  goal  the  synthesis  of  such  materials.  We  have  chosen 
to  concentrate  our  efforts  in  the  area  of  polycyclic  polynitramines 
since  this  class  of  compounds  seems  to  hold  the  greatest  promise  of 
yielding  compounds  with  the  desired  properties. 

This  report  describes  the  synthesis  and  preliminary  characterization 
of  a  new  energetic  material  which  has  the  chemical  name  1,4,5,8-tetra- 
nitro-l,4,5,8-tetraazadifurazano[3,4-c] [3,4-h]decalin  and  to  which  we 
have  assigned  the  name  CL-15.  ■  Although  this  compound  proved  to  be  too 
thermally  unstable  for  weapons  use,  it  is  calculated  to  be  the  most 
powerful  explosive  compound  synthesized  to  date. 


CL-15,  l 


In  January  1981,  we  received  a  letter  from  Everett  Gilbert  of  the 
Army  Research  and  Development  Command,  Picatinny  Arsenal,  Dover,  New 
Jersey,  which  contained  a  copy  of  an  abstract  of  a  paper  entitled  "Studies 
in  the  Synthesis  of  Furazano-Aza-Condensed  Ring  Compounds."  The  paper 
was  authored  by  several  People's  Republic  of  China  chemists  and  had 
been  submitted  to  Dr.  Lyle  I.  Albright  of  Purdue  University  for  considera¬ 
tion  for  presentation  at  the  18lBt  National  Meeting  of  the  American 
Chemical  Society  in  March  1981.  The  paper  was  ultimately  rejected 
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because  none  of  the  authors  were  members  of  the  American  Chemical  Society. 
A  copy  of  the  abstract  is  included  as  Appendix  A. 

In  this  paper,  the  Chinese  chemists  claimed  to  have  synthesized 
several  furazano- fuzed  cyclic  nitramino  compounds  by  the  general  route 
outlined  in  Scheme  1.  The  structures  of  several  of  the  compounds  are 
shown  below  the  scheme.  The  compounds  described  should  be  quite  ener¬ 
getic.  The  density  and  detonation  properties  of  these  materials  were 


SCHEME  1.  General  Route  for  the  Synthesis  of  Furazano-Fused 

Nitramino  compounds. 


4 


V 


1  . 


■»* 


lu  isi  en 


y^v.v.iyKT58anav ■ 


.  n:..w'— »  -jq 


NWC  TP  6397 


Calculated  Properties  of  Compounds  2,  3,  and  £ 


Density  (g/cc) 

Detonation  Velocity  (mm/ps) 
Detonation  Pressure  (kbar) 


l 

4 

2.00 

1.88 

1.96 

9.12 

9.06 

9.50 

395.00 

390.00 

430.00 

calculated  using  the  methods  of  Holden1  and  Rothstein.2  The  calculated 
densities  and  detonation  properties  are  summarized  below  the  structures. 
Indeed,  the  compounds  were  predicted  to  be  very  dense  and  powerful.  In 
fact,  one  of  them,  4,  calculates  to  be  more  dense  and  energetic  than 
both  l,3,5,7-tetranitro-l,3,5,7-tetraazacyclooctane  (HMX,  5), 33  currently 
the  most  powerful  explosive  in  use,  and  hexanitrobenzene  (HNB,  6)  the 
most  powerful  explosive  known  at  that  time. 3 


1 Naval  Surface  Weapons  Center.  Estimation  of  Normal  Densities  of 
Explosive  Compounds  from  Empirical  Atomic  Volumes ,  by  D.  A.  Cichra,  J.  R. 
Holden  and  C.  Dickinson.  Silver  Spring,  Md.,  NSWC,  1980.  39  pp.  (NSWC 
Report  TR-79-273,  publication  UNCLASSIFIED.) 

2aL.  R.  Rothstein  and  R.  Petersen,  "Predicting  High  Explosive 
Detonation  Velocities  from  their  Composition  and  Structure,"  Prop,  and 
Explo..  Vol.  4  (1979),  pp.  56-60. 

2°l>.  R.  Rothstein,  "Predicting  High  Explosive  Detonation  Velocities 
from  their  Composition  and  Structure  (II),"  Prop,  and  Explo.,  Vol.  6 
(1981),  pp.  91-93. 

3aLawrence  Livermore  National  Laboratory,  University  of  California. 
LLNL  Explosive  Handbook.  Properties  of  Chemical  Explosives  and  Explosive 
Simulants ,  by  B.  M.  Dobratz.  Livermore,  Calif.,  LLNL,  March  1981. 

(Report  No.  IJCRL-52997,  publication  UNCLASSIFIED.) 

3l,Lavrence  Livermore  National  Laboratory,  University  of  California. 
Energy  and  Technology  Review ,  Livermore,  Calif.,  LLNL,  November  1978. 
(Report  No.  UCRL- 52000- 78-11,  publication  UNCLASSIFIED.) 
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Measured  Properties  of  Compounds  £,  £,  and  £ 


Density  (g/cc) 

Detonation  Velocity  (mm/ us) 
Detonation  Pressure  (kbar) 


1.903a 

9.15 

393.00 


k 

2.013b 

9.33 

406.00 


l 

1.804 

8.65 

365.00 


When  this  abstract  of  the  work  of  the  Chinese  arrived  we  had  just 
finished  our  work  on  the  synthesis  of  £ra«e-l,4»5, 8-tetranitro-l, 4,5,8- 
tetraazadecalin  (TNAD,  J) .  The  relationship  between  the  two  pieces  of 
work  was  obvious.  We  easily  formulated  two  related  structures  ^  and  £ 
which  calculate  to  be  even  more  dense  and  more  powerful. 


Calculated  Propeties  of  Compounds  and  Ji 


l  * 

Density  (g/cc)  2.00  2.00 
Detonation  Velocity  (mm/us)  9.57  9.70 
Detonation  Pressure  (kbar)  437.00  450.00 


We  decided  to  explore  the  synthesis  of  compounds  and  £  with  the 
objective  being  to  see  if  we  could  repeat  and  confirm  the  work  of  the 
Chinese  and/or  extend  it  to  the  new  compounds  which  we  had  formulated. 
Schemes  2  and  3  show  possible  synthetic  routes  for  the  synthesis  of 
Compounds  ^  and  £. 


4Naval  Weapons  Center.  Synthesis  of  a  New  Explosive  Compound , 
Trans-l,4,5i8-tetranitro-li4t  5,  8- tetraazadecalin,  by  Rodney  L.  Wilier. 
China  Lake,  Calif.,  NWC,  August  1981.  16  pp.  (NWC  TP  6303,  publication 

UNCLASSIFIED.) 
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SCHEME  2.  Proposed  Synthesis  of  Compound 


SCHEME  3.  Proposed  Synthesis  of  Compound  j|. 
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RESULTS 


3 . 4- DIAMINOFURAZAN  (£) 

Since  the  Chinese  workers  did  not  mention  how  they  had  synthesized 

3.4- diaminofurazan,  we  did  a  literature  survey  on  the  synthesis  of  this 
compound.  There  are  three  literature  references  to  the  synthesis  of 

3.4- diaminofurazan. 5-7  The  first  reported  synthesis  was  by  M.  Coburn 
of  the  Los  Alamos  Scientific  Laboratory,  Los  Alamos,  New  Mexico.  This 
synthetic  route  is  outlined  in  Scheme  4.  This  route  involved  the  dehydra 
tion  of  the  known  diaminoglyoximine,  ^L4 , 8  with  an  aqueous  base.  The 
second  synthesis  of  £  was  by  Carmack  and  coworkers6  and  was  only  a 


SCHEME  4.  Synthesis  of  3,4-Diaminofurazan, 


N=C-C=N  +  2NHZ0H 


H2\^H  qh- 

£  ‘ 
H2N^ 


h2n, 


h2n 


V 


l 


slight  modification  of  Coburn's  method.  The  third  synthesis  was  by  two 
Russian  workers7  and  involves  a  somewhat  different  route  which  is  sum¬ 
marized  in  Scheme  5.  A  copy  of  the  Russian  paper  and  a  translation  of 
the  experimental  part  is  included  in  Appendix  B. 

Mainly  because  we  had  a  great  deal  of  difficulty  obtaining  a  copy 
of  the  Russian  paper,  we  chose  Carmack's  method  for  making  3,4-diamino¬ 
furazan.  Our  yield  for  the  recrystallized  product  was  consistently 
50-55%  of  material  with  a  m.p.  of  179-180<>C.  However,  the  Russian 
procedure  may  be  better. 

5M.  Coburn,  "Picryl-substituted  Heterocycles.  II.  Furazans  (1,  2),' 
J.  Hetevooyalic  Chem.  ,  Vol.  5  (1968),  pp.  83-87. 

6A.  P.  Komin,  R.  W.  Street,  and  M.  Carmack,  "The  Chemistry  of 

I, 2,5-Thiadiazoles.  III.  [1, 2, 5]Thiadiazolo[3,4-c] [1, 2, 5] thiadiazole, 

J.  Ova.  Chem.,  Vol.  40  (1975),  pp.  2749-2752. 

7I.  V.  Visalok  and  A.  V.  Ostrovskoya,  "Preparation  of  Diamino- 
furazan,"  Khimiya  i  Tekhnol  Elementoovgan  Svedin ,  Vol.  78  (1978), 
pp.  48-49. 

®E.  Fischer,  "Ueber  einige  Reactionen  des  Phenylhydrazines  and 
Hydroxy tamins,  Bev. ,  Vol.  22  (1889),  pp.  1930-1936. 


SCHEME  5.  Russian  Synthesis  of  3,4— Diaminof urazan. 


S  S 

(1)  H2N-C-C-NH2  +  2NH20H’HC1  +  2Na  C02CH3 


NOH  NOH 
li  |l 

H2N-C — C-NH2  +  H2S+  +  NaCI  +  2CH3COOH 


(2) 


NOH  NOH 
ll  !! 

H2N-C  —  c-nh2  + 


HOCH2CH2OH 


REACTION  OF  3 , 4-DIAMINOFURAZAN  WITH  GLYOXAL  (PREPARATION  OF  10) 

r\/\j 

The  reaction  of  3, 4-diarainof urazan,  with  glyoxal  was  initially 

examined  by  adding  the  appropriate  amount  of  ^  to  a  well-stirred  solution 
of  40%  glyoxal.  The  3, 4-diaminof urazan  would  quickly  dissolve  to  give 
a  clear  solution,  then  the  product  would  precipitate.  Using  this  method, 
the  results  were  variable.  The  product  seemed  to  vary  from  the  desired 
to  a  mixture  of  3, 4-diaminofurazan  and  the  dihydroxy  compound  15. 
owever,  when  one  equivalent  of  hydrochloric  acid  was  added  the  product 
was  consistently  the  desired  Compound  10  was  completely 

characterized  by  spectroscopic  techniques  and  gave  a  good  elemental 
analysis  (see  Experimental  Section). 
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NITRATION  OF  l,4,5,8-TETRAAZADIFURAZANO[3,4-c] [3, 4-h]DECALIN 
(PREPARATION  OF  ^  CL-15) 

The  Chinese  workers  indicated  that  they  had  used  a  mixture  of  nitric 
acid/acetic  anhydride  for  the  direct  nitration  of  their  3,4-diaminofurazan 
adducts.  Our  attempts  to  use  this  procedure  for  the  nitration  of  compound 
10  proved  fruitless.  We  then  turned  to  a  procedure  developed  at  SRI 
International,  Menlo  Park,  California,  for  the  nitration  of  glycouril  to 
tetranitroglycouril9  (Scheme  6)  which  involved  the  use  of  a  mixture  of 
trifluoroacetic  anhydride /nitric  acid  as  a  source  of  N2O5.  When  this 
procedure  was  applied  to  jLjj)  an  essentially  quantitative  yield  of  ^ 

(Ch-15)  was  obtained  as  an  off-white  amorphous  powder. 


SCHEME  6.  Nitration  of  Glycouril. 


The  NMR  and  IR  spectra  of  ^  is  entirely  consistent  with  the 
structure  (see  Appendices  C  and  D) . 


Numerous  attempts  were  made  to  develop  a  good  recrystallization 
procedure  for  compound  1.  In  most  cases,  the  compound  crystallized  as  a 
solvate  (1:1  complex).  This  was  particularly  true  in  the  cases  of 


9M.  Kami e t  and  S.  Jacobs,  "Chemistry  of  Detonation.  I,"  J.  of  Chem. 
Phyc 108,  Vol.  48  (1968),  pp.  23-35. 
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acetonitrile  and  1,2-dichloroethane.  It  was,  however,  possible  to 
recrystallize  the  material  by  dissolving  it  in  100%  nitric  acid  and 
adding  trifluoroacetic  acid  followed  by  cooling.  The  procedure  gave 
small  crystals  of  CL-15. 

It  was  noted  very  early  that  the  compound  seemed  to  be  rather 
thermally  unstable.  Samples  of  the  material  left  at  room  temperature 
soon  emit  a  red  gas.  Upon  prolonged  standing,  the  material  turns 
gummy.  It  is  thought  that  this  decomposition  might  be  due  to  the 
presence  of  trace  amounts  of  acid;  however,  even  recrystallized  material 
shows  this  behavior. 


PROPERTIES  OF  CL-15 

The  low  thermal  stability  of  CL-15  made  the  determination  of  its 
physical  and  chemical  properties  very  difficult,  and  in  some  cases, 
impossible. 

We  determined  the  density  of  the  compound  to  be  greater  than 
1.987  g/cc  because  crystals  of  the  material  sink  in  1,3-dIbromopropane 
(d  =  1.987  g/cc). 

The  heat  of  formation  cf  CL-15  was  measured  to  be  +185  kcal/mole  by 
the  standard  technique  of  back  calculation  from  the  heat  of  combustion. 
Since  some  time  elapsed  between  weighing  the  samples  and  the  combustion, 
this  should  be  considered  a  minimum  value.  From  the  heat  of  formation 
and  the  density  we  have  calculated  detonation  and  velocity  pressure  to 
be  9.41  mm/us  and  413  kbar  using  the  method  of  Kamlet  and  Jacobs.9  In 
Table  1,  these  values  are  compared  to  those  of  HNB  and  HMX.  It  can  be 
seen  that  CL-15  is  calculated  to  be  more  powerful  than  both  HNB  and  HMX. 
Since  the  heat  of  formation  of  CL-15  could  easily  be  off  5-10%  due  to 
decomposition  during  weighing  and  handling,  the  actual  performance  of 
CL-15  could  be  even  better. 


TABLE  1.  Predicted  and  Measured  Properties  of  CL-15,  HMX,  and  HNB. 


CL-15 

HMX 

HNB 

Predicted  Measured 

Predicted 

Measured 

Predicted  Measured 

Density,  g/cm3 

2.00  1.98 

1.85 

1.90 

1.97 

2.01fc 

Detonation  pressure. 

kbar 

437  413® 

388 

393 

393 

406* 

Detonation  velocity. 

tm/us 

9.57  9.41® 

9.05 

9.15 

9.10 

9.33* 

Calculated  by  the  Kaal at- Short  method  based  on  a  measured  heat  of  formation  of 
.  +187  kcal/mole. 

Measured  at  a  loading  density  of  1.97  g/cm3. 


ihe  impact  sensitivity  of  CL-15  was  measured  to  be  20  cm  on  a  Model 
12  impact  machine  (2.5  kg  drop  weight). 


11 


EXPERIMENTAL 


NMR  spectra  were  determined  on  a  Vartan  EM  360  (routine  1H)  and 
Varian  XL- 100-15  ( and  13C)  spectrometers  and  are  reported  on  the  6 
scale.  IR  spectra  were  determined  on  a  Perkin  Elmer  137  spectrometer. 


DIAMINOGLYOXIME  (^4)  8 

The  procedure  of  E.  Fisher  was  used  to  prepare  this  compound.8  The 
product  was  recrystallized  from  H2O  to  give  crystals  with  a  m.p.  of  200- 
201° C  (lit  200° C) . 

IR  (See  Appendix  C,  Figure  C-l) . 

NMR  (See  Appendix  D,  Figure  D-l). 


3 ,4-DIAMINOFURAZAN  (£) 

The  procedure  of  Carmack  and  coworkers6  was  used  to  prepare  this 
compound.  After  recrystallization  from  water  it  melted  at  179-180°C 
(lit5  180° C) . 

IR  (See  Appendix  C,  Figure  C-2). 

NMR  (See  Appendix  D,  Figure  D-2) . 


1,4,5, 8-T ETRAAZAD IFURAZ ANO [ 3 , 4-c J  [3 , 4-h]DECALIN  ($£) 

A  10-gram  portion  (0.1  mole)  of  3 , 4-diaminof urazan  was  added  to  a 
solution  of  10  g  of  37%  hydrochloric  acid  in  20  ml  of  distilled  water. 
This  slurry  was  stirred  at  60°C  while  7.25  g  of  40%  aqueous  glyoxal  was 
added.  The  mixture  was  stirred  for  one  additional  hour  then  cooled. 

The  product  was  collected  and  washed  well  with  water.  After  drying,  it 
weighed  10.86  g  (0.049  moles,  98%).  The  material  can  be  recrystallized 
from  50:50  DMF/H2O  to  give  plates  with  a  m.p.  of  230-23 1°C. 

Analysis  calculated  for  C6H5N0O2:  C,  32.43;  H,  2.72;  N,  50.44. 

Found:  C,  32.26;  H,  2.74;  N,  50.19. 

IR  (See  Appendix  C,  Figure  C-3). 

NMR  (See  Appendix  D,  Figure  D-3) . 
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1,4,5, 8-TETRANI TRO- 1,4,5, 8-TETRAAZADI FURAZANO [ 3 , 4- c ] [ 3 , 4- h ] DECALIN 
CL- 15) 

Fourteen  ml  of  trif luoroacetic  anhydride  and  a  magnetic  stirring 
bar  were  placed  in  a  100-ml  round-bottom  flask.  The  solution  was  cooled 
to  -5°C  (salt-ice  bath)  and  6.0  ml  of  100%  nitric  acid  was  added  dropwise, 
with  stirring,  over  a  period  of  20  minutes.  This  mixture  was  allowed  to 
briefly  warm  to  room  temperature  then  it  was  recooled  and  2.22  g  of  ^ 
was  added  in  small  portions  over  a  period  of  10  minutes.  The  mixture 
was  allowed  to  slowly  come  to  room  temperature  over  4  hours.  The  product 
was  collected  by  vacuum  filtration  under  a  blanket  of  nitrogen  and  washed 
well  with  methylene  chloride.  The  last  traces  of  solvent  were  removed 
under  vacuum. 

IR  (See  Appendix  C,  Figure  C-4) . 

NMR  (See  Appendix  D,  Figure  D-4) . 

The  compound  can  be  recrystallized  by  dissolving  it  in  100%  nitric 
acid  then  adding  an  equal  volume  of  trif luoroacetic  acid  followed  by 
cooling. 
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Studies  in  the  Synthesis  of  Purazano- 
Asa-Condensed  Ring  Compounds 

(The  First  Report) 


3 , 4-diaminof urazam  (I)  provides  a  good  Intermediate  for 
/  * 

the  preparation  of  furazano-aza-condeneed  ring  compounds. 

The  reaction  of  (1)  with  dihydro  zyethylenediamine  dihydro¬ 
chloride  (II)  in  an  acid  medium  and  then  by  dehydration,  cyc- 
li nation  and  condensation  gives  2, 3-di amino-5, 6-furasano  £bj 
piperazine  difaydrochloride  (III)*  It  oan  be  converted,  in  ni¬ 
tric  acid,  into  2, 3-di amino-5 ,6-furazano  tbl  piperazine  di- 
nitrate  (IV).  On  formylation  of  (III)  gives  2,3-di(M-formyl- 
amino ) -5 , 6-f urazano  fbj  piperazine  (V),  and  it  is  then  nitra¬ 
ted  to  obtain  1 , 4-dinit ro-2 , 3-di(B-nitro-S-f  ormylamino )  -5, 6- 
f urazano  (h)  piperazine  (VI) . 
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The  condensation  of  (I)  with  4, 5-dihydroxyimidazolone- 
2  (VII)  in  an  acid  medium  gives  2,3-imidazolono(bJ -5, 6-furaza- 
no(b)  piperazine  (VIII ),  and  it  is  then  nitrated  to  obtain  1- 
nitro-2,3-(l* ,3’-dinitroimidazolono-2)  CU  -5, 6-furazanolbI  pi¬ 
perazine  (IX) 
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The  condensation  of  (I)  with  1, 4-diformyl-2, 3-dihydroxy- 
piperazine  (X)  in  an  acid  medium  gives  l,4,5,8-tetraaza-2,3- 
furazanotb)  octahydronaphthalene  hydrochloride  (H)»  and  it 
is  then  nitrated  to  obtain  l,4,5*8-tetranitro-l,4,5,B-tetra- 
aza-2f 3-furazano  tbl  octahydronaphthalene(XII ) . 
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The  condensation  of  (1)  with  l,3-diformyl-4,5-dihydroxy- 
imldazolidine  (XIII)  in  an  acid  medium  gives  2, 3-imidazolidi- 
no  (bj  -5,6-furazano  (bl  piperazine  hydrochloride  (XIV),  'and 
it  is  then  nitrated  to  obtain  l,4-dinitro-2,3-(i* ,3'-dinitro- 

imidazolidino)  lb]  piperazine  (XV). 
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The  given  structures  of  the  above-mentioned  compounds 
are  proved  by  elementary  analysis,  and  by  IR  and  MMK  spetra 
examinations. 
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*eexy  40mm  e  ♦enowrm:  aoxna,  naTpiM,  .utm  m  n  pacrnop  a  15  us  pacTaoparcJut 
(a  ufm  BpoBuenm  pcanom  s  pacTBOparoxiot)  auocaaa  a  tpcxropujn)  K<w<Jy  ckxoctm 
38  iu,  cJwtecHHya  hcbmkoB  a  TepMouerpou.  PeoxTuau  !tpc*BopnTWbKO  Harpeaasn  xo 
TMOoperypt  obhto  ■  ataepanaasa  a  rcpuoctoTe  npa  »to0  Tetjewparype  ae  mace  30  mbr. 

hwcwnaaoe  aosasecTao  I-wrrpogponcna-1  anpucaaBasa  a  peaKgnoBiqr»  wwifly  npa 
astmukk  ncpcMcaaaaaaa.  Bpewi  naessa  pcanpa  orcaanoaxa  or  aapucaa  I-HUTponpone- 
m-l  a  pasKBRORHyn  eq «Jy.  Peataptcrnryv  vaccj  TCiawcTitnipoBM*  m  TepMocnre  1/  -10  c 
rvooena  +0, 1°. 


amsnrrpk 


1,  Bopoaaoaa  B.  A..  Aarope*.aaax.xac.  Kaaeia,  1975.  •> 

2.  tjrpm.oipoa  B.  H. ,  Pideai  A.  B.  BOX.  1970,  c.  1783. 


,V  5.?  Yo°.VoV  iY’iaS,0^  e.i3«l: 


B.  A..  IUPTUI  - 


HR  5*7.793.2 

H.B.Bbtmm,  A. B. OcTpoacxaa 
BMTffiHHB  JSUMHHO0PA3ARA 
(KbmbckxB  xa>eom~Texao«>nnecaat  BBCTaiyr) 


B  aacronaee  apem  HartananeTca  noaimainit  airrepee  a  noJounopeit.  coxepaenoM  1.2.5- 
ORcaxnaammie  smiuai  (frpaaaHu).  Baexenw  a  aen  mvnwepoa  conpaxeimoB  cbctcim  typa- 
aaaa  odecnennBocT  oo  Base  toe  Tepusnccmt  a  raxpoornnocaot  totoOvwoctm,  a  Tame  ser¬ 
mon  atpepatfoTaa  a  raxem  (II. 

B  aaaccTBO  acsoxaoro  aeaccraa  m  anxyeeaa*  Taaax  namwepo®  mctqhom  bcxtokoh  - 
xeacann  apuxeaapr  ftrpeaoHxaxapdoHOByn  aaexoiy  1 2,3] .  Rm  acnoxasoaaioui  a  aaaecne 
MONompe  xpyroro  tfafowxtaoaaaaaoro  coexauexux  rroro  Mecca  -  xaavamoJiypaaaBB  -  rpc- 
Bjreroa  poapadoraa  apocna  neroxoa  wo  caarea*. 

feat  poapadoraa  we  tax  caareaa  xaaMBwrxaaac—  1 41  a  onpexexemi  ycaoaaa  ero 


IWfCH  Ua  *  2Jh00CCUt 


— —  vi’V**11 

if  *f 

"pit* 


I  +  JhCt  *  CHjCOOH 


vjj 

W«  * 

Omm  jr***— "*•  — apoTcxaeT  a  acoonB  epexe  npa  wwiupaijpe  50-6Cr.  (bira- 
aama  tamoparypa  apaaoxar  a  amjcnioiv  saaejwcitwj  peaxsaa.'  a  ea  noatoeane  (kuioe  60° 
ycaopmr  aodo’noiB  opooecc  edpeaoaatnu  a-icvcirrapHO*  cepu.  Oopcxesamee  Bromine  na 
aunt  x—giorjwoacawa  omskboot  coothooctiro  pjrfleaaoaoaopoxnoB  kbcsoth  a  rnspoxcas- 
MQOU*  Dpi  6TtSH0M ipMCXOM  cooTHcacnaa  buxom  xsoumoraaoxcMKO  cocrawmoT  sics*  30R, 
<m  cm3  wo  «  straw  pecnaxoti  caodaxnoro  raxpoxesurouam  xo  BVKxoxn.  IhiiuneKae  co  - 
xej'xwxa  raapMcautoon  xo  eonipex  a  dome  oRoaaaxeHToa  aoaaoxscr  noBucar*  tux  or  xo 
75-77*. 

CaoBcrao  xamatormoaenn,  aoxncimoro  im  HeroxoM.  coBnaxewr  o  jranoaiimrot  a  . 


aaroporype  (5,8).  npoacxoaao  nxMosonixpnTn«sci  xswwiHorsxoKcrKn  a  (TJioshom  pacraope 
orauarxeaoM  apa  155-160°  riosooroxo  yaejtrnrra  aurax  xnowwjypesmia  o  20  xo  6®  no 
epoatwam  e  aaatcnaat  aetoxow  n  onuaaTacx  or  nyoaexcutM  peowaai  noa  xomchsicm  ( 7). 
B  wa  poaama  aadaaaama  odpoaoacHae  MpOonoto  aatpaa.  Orhoko,  eexa  orpomnan 
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ipcua  pcsKon  xo  Moueirra  Bunancmu  ocajoca  (40-60  khh),  to  buxox  xnaiaoK»ftrpa38B8  aa 
apoBWtacT  2Qt.  00a  npouecca,  onunaamu  a  xecTpyxnrjt,  no-Bsxmo*.^,  rxjtt  nopajwejiuw, 
l  KOKCKMatiHufl  auxox  HodJowoerca  aa  3,5-4  aaca.  OpoxjntT  mrjtaMan  no  HK-cncxrry  a 
tetneparypa  eumohiu  axeimneu  xitataoiofgrpaajHy,  caHresapoBaimoKy  ksbccthuu  caoco  - 

60*y/ 

ggavBgwnwKCTM.  B  rpexropayi)  xojidy  evtuocrto  I  j,  csadseHHyo  wjsMuob.  xoao  - 
xmaaxoM,  otboxhoS  rpydxoi,  oi^xeunoB  a  pecraop  xxopnoro  xeaosa,  a  tept»ueTpou  aa- 
rpyaavr  SCO  m  boxu,  278  r  coanHofcucaoro  rwtpoxcRiiaraa  a  328  r  yxcycHoxncjioro  aa- 
rptm.  B  pecraop  nocTenexno  xotfaBunr  12 0  r  pygeaHOBojocosHoB  xkmotu  Tax,  tto0h 
Touseparypa  <3wia  a  apexeaax  30-05°.  3a tea  peaxnzoKHyn  laccjr  aarpeaaxrr  so  50-60°  a 
xam  aicnepaxy  npa  aroft  TowiepaType  a  Teaemra  2-3  rocob  (komu  peamcra  oopcx&nirr  no 
o0ecnae'iKBfiHKD  peaxsaoKHoB  raccu).  Coxep’ravoa  xox0u  0ucrpo  Rarpeaaor  so  90-95°  a 
(MBTpgnoT  aa  aopoHxe  Ecxaepa  or  aunaamefl  cepu.  faxitpa?  oxjtaxaawr  .tcjudioB  boxo£  a 
aune Kraft  oca sou  xxaionoraKoxcRMa  oi^iuiarpoBUBanr  a  cycaT  Ha  bos xyxa.  Buxox  88,5  r 
T  as.  196-197°  (jia  Boxu),  no  xmaparypRUM  xchrum  f 5 J  T  ox.  196°. 
J«nawo&ypa3aH.  8  tpexropmyn  mwuJy  evKocrie  500  ms,  cnaOxen qr»  HeaaaxoR,  rep  - 
nomtpom  a  xojKwwiMnocoM,  no  ve  shot  78  r  xnaKsnorAaoxcaua,  26,4  r  -C'aOM  a  3CO  wi 

aTaacnvraxou.  Cm  ex  Rarpenaur  npa  155-160°  a  memo  3,5  hscob  a  ntw  ottohrdt 

pacraopBTeJiB  a  Baxyyve  BoxocrpyflHoro  Racoca.  0ct8tok  cue  ansa  dt  co  100  m  boxu  a  ot- 
4wq>tpobubodt ,  Buxox  XJiawHoiJypeaaHa  40,5  r  (6U),  T  a a.  170-180°  (in  boxu).  no 
TeparypHHM  .samara  (7)  T  ns.  I8CP.  Rataeso,  3C:  C  23,53,  H  4,44,  56,28.  Binxcae- 

ao  xu  C2U,^ 0  0  24,00;  R  4,00;  H  56,00.  KK-cneirrp:  1600  cm*1  (C»Af  B 

(nn.Qwn),  3200-3400  cm*1  (- //Hj). 
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TRANSLATION  OF  EXPERIMENTAL  PART  OF  PAPER 


Disml "oelyoxlme :  In  a  1- liter  three-necked  flash  fitted  with  a  stirrer, 
a  cooler,  a-  drain  tube  rinsed  in  an  iron  chloride  solution,  and  a  ther¬ 
mometer,  place  500  ml  water,  278  g  hydroxy lamine  hydrochloride,  and 
328  g  sodium  acetate.  Gradually  add  120  g  of  rubeanic  acid  so  that  the 
temperature  stays  between  30  and  35° .  Then  heat  the  reaction  mass  to 
50-601*  and  told  It  there  for  2-3  hours  (the  end  of  the  reaction  is 
signaled  by  bleaching  of  the  mess) .  The  contents  are  then  rapidly 
heated,  to  90-95*  and  run  through  a  Bfiehner  filter  to  remove  the  sulfur 
precipitate*  The  precipitate  is  cooled  in  ice  water  and  the  precipitated 
d iamlnoglyoxiae  is  filtered  out  and  dried  in  air.  Yield  *88. 5  g  (75%), 
196-197*  melting  point  (out  of  water)  .  Literature  value  [5]  for  melting 
point  ■  196*. 

Diamlnof urazan :  In  a  500-ral  three-necked  flask  fitted  with  a  stirrer,  a 
thermometer,  and  a  cooler,  place  78  g  of  diaminoglyoxime,  26.4  g  NaOH, 
and  300  ml  ethylene  glycol.  Heat  the  mixture  to  155- 160*  for  3.5  hours 
and  then  distill  the  solution  in  a  water  jet  vacuum.  Mix  the  residue 
with  100  ml  water  and  filter.  Yield  of  diamino  fur  azan  *  40.5  g  (61%) 
melting  temperature  179-180*  (out  of  water) ;  according  to  (7]  the  melting 
point  is  180*.  C  23.53%,  H  4.44%,  N  56.28%.  Values  calculated  from 
C2H4N4O  are:  G  24%,  H  4%,  g  58t.  II  spectra:  1600  cm”1  (C*N  in  the 
f urazan  ring)  ,  3200-3400  cm**1  (-IW2) . 
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Appendix  C 

INFRARED  SPECTRA  OF  COMPOUNDS 


NWC  TP 

6397 

4000  3000 

2000 

1500 

CM' 

1000 

ii  mri 
nrnuu 

Ol 


B8MH 

mmmm 


WAVELENGTH  (MICRONS) 


SPECTRUM  NO _ ORIGIN _ 

SAMPLE _ 


PURITY _ 

PHASE _ k 

THICKNESS- 


2  13 


REMARKS- 


THE  PERKIN-ELMER  CORPORATION.  NORWALK  CONN. 


FIGURE  C-3.  IR  Spectrum  of  1,4, 5,8-Tetraazadifurazano 
[3,4-cH3,4-h]decalin. 
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THE  PERKIN  ELMER  CORPORATION,  NORWALK  CONN. 

FIGURE  C-4.  IR  Spectrum  of  CL-15. 
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FIGURE  D-l.  NMR  Spectrum  of  Diaminoglyoxime 


FIGURE  D-2.  NMR  Spectrum  of  3,4-Dlaminofurazan 
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